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CH Activation of Acetonitrile by Alkyl Compounds 
of  the  Early  Lanthanoids:  Dimeric  Cyanomethyl-
Lanthanoid Complexes with CH2CN Bridges ** 
By Hero J. Heeres, Auke Meetsma, and Jan H. Teuben * 
Considerable progress has been made in the exciting field 
of CH bond activation of saturated and unsaturated hydro-
carbons  by  highly  electrophilic  d
0  (f
n)  organolanthanoids, 
actinoids and early transition metal compounds.
[1] An out-
standing example is the activation of the normally inert CH 
bonds  of  methane  by  complexes  of  the  type  Cp*2MMe 
(Cp* = h
5-pentamethylcyclopentadienyl;  M = Lu,  Sc  and 
Y).
[2]  Recently,  we  have  shown  that  Cp*2LnCH(SiMe3)2
compounds (Ln = La and Ce) are efficient catalysts for the 
cyclodimerization of alkynes MeC￿CR (R = Me, Et, nPr) to 
substituted 3-alkylidenecyclobutenes.
[3] The first step in the 
reaction sequence is a propargylic metalation of one of the 
relatively acidic methyl protons of MeC ￿ CR. This prompt-
ed us to study the interactions between Cp*2Ln-alkyl com-
pounds and other substrates containing active C-H bonds.
Initially, we focused our attention on nitriles containing at 
least one a-C-H bond. Metalated nitriles, well-known for 
group 1 elements,
[4] are highly reactive species which are very 
useful intermediates in organic synthesis.
[5] In this communi-
cation the novel and facile metalation of acetonitrile by pen- 
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and 1 b of the early lanthanoids lanthanum and cerium is 
reported. 
Treatment of benzene solutions of the monomeric com-
pounds 1 with 1 mmol acetonitrile/mmol Ln results in the 
quantitative  formation  of  3  (NMR)  and  cyanomethyllan-
thanoid species 2. 
Cp*2LnCH(SiMe3)2 + CH3C ￿ N ———￿ 1/n[Cp*2LnCH2C ￿ N]n + CH2(SiMe3)2 
  1 a, Ln = La  2 a, Ln = La, n = 2  3 
  1 b, Ln = Ce  2 b, Ln = Ce, n = 2 
2 a and 2 b were isolated as beautiful crystals (whitish 
and pink, respectively) in good yields (65-70%). Both com-
pounds are only sparingly soluble in all the solvents investi-
gated  (THF,  toluene,  benzene,  pentane).  The  compounds 
show almost identical IR spectra with cyanomethyl absorp-
tions at 2140, 2120 and 2050 cm
-1 (2 a) implicating a some-
what reduced C ￿ N bond order.
[6] The NMR spectrum of 
the diamagnetic compound 2 a ([D8]toluene, 70 °C) shows 
two singlets at d = 2.03 and 0.55 for the Cp* and CH2 pro-
tons respectively. 
Interactions of nitriles with group 3, lanthanoid and acti-
noid alkyls and hydrides normally lead to insertion of the 
C ￿ N bond into the M-C or M-H s-bond and the formation 
of  monomeric  or  dimeric  azomethine  complexes.
[7] 
Metalation of nitriles by these elements has hitherto not been 
observed.  The  compounds  2 a  and  2 b  represent  the first 
examples of cyanomethyl compounds of the said elements. 
To determine the bonding mode of the CH2CN fragment, 
an X-ray diffraction study was conducted on the lanthanum 
species 2 a (Fig. 1).
[8] 2 a crystallizes in dimeric units.  Each 
Fig. 1. Molecular Structure of [Cp*2LaCH2CN]2 2 a (hydrogen atoms omitted 
for clarity). Selected bond lengths [Å] and angles [°]: La(1)-La(1A) = 5.8479(8), 
La(1)-C(21) = 2.748(4),  La(1)-C(1) = 2.817(4),  La(1)-C(2) = 2.808(4),  La(1)-
C(3) = 2.790(5),  La(1)-C(4) = 2.802(5),  La(1)-C(5) = 2.807(4),  La(1)-N(1) = 
2.537(4),  N(1)-C(22) = 1.162(6),  C(22)-C(21a) = 1.393(6) Å,  N(1)-La(1)-
C(21) = 95.7(1),  N(1)-C(22)-C(21a) = 175.6(5),  La(1)-C(21)-C(22a) = 
105.6(3) La(1)-N(1)-C(22) = 157.5(4)°. 
molecule consists of two Cp*2La units connected by two 
almost  linear  CCN  fragments  which  form  an  eight-mem-
bered La(CH2CN)2La ring in a chair conformation. Particu-
larly  interesting  is  the  bonding  situation  of  the  bridging 
CH2CN groups. The La-C(21) bond length (2.748(4) Å) is 
significantly  longer  than  a  pure  La-C  s-bond  (2.52-
2.65 Å),
[9]  whereas  the  La-N(1)  distance  (2.537(4) Å)  is 
much  shorter  than  an  La-N  dative  bond  (ca.  2.77 Å).
[10] 
Furthermore,  the CCN units are almost  linear (N(1)-C(22)- 
C(21a) = 175.6(5)°) with a short C(22)-C(21A) bond length 
of 1.393(6) Å. Hence, the bonding of the CCN unit is best 
described as intermediate between a C-metalated structure A 
and an N-metalated ketenimine B.  Structures of type B,  but 
 
2 a:  Acetonitrile  (75 mL,  1.34 mmol)  was  added  to  a  solution  of  762 mg
(1.34 mmol)  of  1 a  in  benzene  (15  mL).  Upon  standing  at  room  temperature 
without stirring, colorless crystals of 2 a deposited. 397 mg (0.44 mmol, 66%) of 
2 a  could  be  isolated  as  beautiful,  whitish  crystals.  IR  (KBr/Nujol):`n
[cm
-1] = 2710(w),  2140(s),  2120(sh),  2050(m),  1030(m),  1020(m),  800(w), 
750(s),  670(w),  540(w),  440(m); 
1H  NMR  (300 MHz,  [D8]toluene,  70°C): 
d = 2.03  (s,  30 H;  C5Me5),  0.55  (s,  2 H;  LaCH2); 
13C  NMR  (75 MHz, 
[D8]toluene, 50°C):  d = 119.6  (s;  C5Me5),  11.2  (q, 
1J(C,H) = 124 Hz;  C5Me5), 
unequivocal assignment of the cyanomethyl carbon resonances was not possi-
ble.—Correct elemental analysis. 
2 b was prepared by a similar procedure and isolated as pink crystals in 72% 
yield.  IR  (KBr/Nujol):`n  [cm
-1] = 2710(w),  2150(s),  2120(sh),  2060(m), 
1030(m),  1020(w),  800(w),  750(s),  550(w),  460(m); 
1H  NMR  (300 MHz, 
[D6]benzene,  30°C):  d = 3.12  (s,  30 H,  lw = 23 Hz;  C5Me5),  -45  (s,  2 H, 
lw = 80 Hz; CeCH2).—Correct elemental analysis. 
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with both metal atoms coordinated to nitrogen, have already 
been detected in a number of dimeric lithiated nitriles,
[11]
whereas structures of type A are present in various square-
planar  late  transition  metal  complexes.
[12]  To  our  knowl-
edge,  compound  2 a  is  the first  structurally  characterized 
example with a CCN coordination of type C. Interestingly, 
MNDO calculations by Schleyer et al. for unsolvated lithiat-
ed  acetonitrile  have  predicted  that  an  eight-membered 
M(CH2CN)2M ring dimer, similar to what we actually ob-
serve for 2 a, is the most favorable structure.
[13] 
This  study  provides  evidence  that  metalation  of  het-
eroatomic substrates containing active C-H bonds by alkyl-
(organo)lanthanoid compounds is well possible. In this re-
gard, monomeric Cp*2Ln-alkyl compounds strongly resem-
ble organic compounds of group 1 elements 
[5, 11] and indi-
cate that the Ln-C  s-bonds in these compounds are very 
polar. 
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